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Abstract Hypertension is a key risk factor for stroke,
cardiovascular disease and dementia. Although the
link between weight, sodium and hypertension is
established in younger people, little is known about
their inter-relationship in people beyond 80 years of
age. Associations between blood pressure, anthropo-
metric indices and sodium were investigated in 495
apparently healthy, community-living participants
(age 90, SD 4.8; range 80–106), from the cross-
sectional Belfast Elderly Longitudinal Free-living
Aging STudy (BELFAST) study. In age-sex-adjusted
logistic regression models, blood pressure ≥140/
90 mmHg significantly associated with body mass
index (BMI) [odds ratio (OR)=1.28/ kg/m
2], with
weight (OR=1.22/kg) approaching significance (P=
0.07). In further age-sex-adjusted models, blood
pressure above the 120/80 mmHg normotensive
reference value significantly associated with BMI
(OR=1.44/kg/m
2), weight (OR=1.36/kg), skin-fold-
thickness (OR=1.33/mm) and serum sodium (OR=
1.37 mmol/l). In BELFAST participants over 80 years
old, blood pressure ≥140/90 mmHg is associated with
BMI, in apparently similar ways to younger groups.
Keywords Bloodpressure.Bodymassindex.
Weight.Sodium.Octo/nonagenarians
Introduction
Current demographic trends show that those over
80 years of age are the fastest growing sector in
populations across the industrialised world. In
Europe, octogenarians will increase five-fold and
centenarians eight-fold by 2050 (World Population
Prospects 2002). The prevalence of hypertension—a
major risk factor for stroke, cardiovascular disease
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associates with disability (Hajjar et al. 2007) and
reduces healthy life expectancy in ageing populations.
The recently published Hypertension in the Very
Elderly Trial (HYVET) study shows that lowering
blood pressure in people aged 80 and over, cuts total
mortality by approximately 20%, stroke rate by 30%,
stroke mortality by 40%, and reduces death rate from
cardiovascular events by up to 23% (Beckett et al.
2008). In younger people, hypertension shows a clear
link between obesity and salt measures. However,
relatively little is known about the inter-relationship
of these factors in the ‘oldest old’, though some
supporting information relating blood pressure and
weight control to good quality outcomes in nonage-
narian men is described in the follow-up of the
Physicians Health Study (Yates et al. 2008).
In this study, we evaluated the inter-relationship
between blood pressure, anthropometric measures and
sodium, amongst very elderly male and female, free-
living people in the Belfast Elderly Longitudinal Free-
living Ageing STudy (BELFAST) (Rea et al. 2000),
and findings suggest that there are associations
between blood pressure in the hypertensive range
and measures of weight in the over 80s.
Methods
Subjects
Theparticipants(Caucasianelderlysubjects;346women
and 149 men) included in the current report were aged
80 years or older, had blood pressure measurements
available and were drawn from a longitudinal study of
ageing—the Belfast Elderly Longitudinal Free-living
Ageing STudy (BELFAST)—previously described by
Rea et al. (2000). Briefly, when recruited, BELFAST
octo/nonagenarians were community-living, apparently
well, independently mobile, mentally competent (Fol-
stein score > 25/30 with 30 being highest score;
Folstein et al. 1995), and gave written consent. Ethical
permission was given by The Queen’sU n i v e r s i t yo f
Belfast Ethics Committee.
Measurements
A trained research nurse (A.M.) saw all the subjects at
home on at least two visits, took medical history,
anthropometric measurements and blood samples, as
previously described (Rea et al. 1997). Height
measurements were not included for subjects
recruited early into the study, nor for subjects with
severe kyphosis, where it was impossible for the
research nurse to make a convenient or reliable
measurement, thus BMI was not available for the
total group. Waist and hip circumference were
measured, in centimetres, at the narrowest point
between ribs/hips and the widest diameter across the
hips, respectively, for a lesser number of subjects.
Blood pressure was measured in the right arm, with
the participant sitting, using a random-zero sphygmo-
manometer with regular cuff, after a 5-min rest period
and using Kortakoff phase 1 and 5 sounds (Wright
and Dore 1970). Serum sodium, and fasting lipid
measurements were measured at Belfast City Hospital
Laboratory, within 2 h of collection. The 24-h dietary
recall for a subset of 96 subjects was analysed by
CompEat Data Analysis (CompEat nutritional analy-
sis program, Lifeline Nutritional Services, London).
Dietary sodium was corrected for calorie intake.
As noted in Table 1, not all subjects completed all
aspects of medical history, anthropometric measure-
ments, blood sampling or dietary history because of
competing interests, change of mind, family or
personal concerns about subject fatigue or the
protocol being burdensome.
Statistical analysis
The sex-specific characteristics and variables used in
this dataset of 80- and 90-year-olds from the BEL-
FAST study are described in Table 1. Mean values for
anthropometric indices and sodium were compared
between genders using a large-sample z test and
between incremental thirds of systolic (<120 mmHg,
120–139 mmHg and ≥140/90 mmHg) and diastolic
(<80 mmHg, 80–89 mmHg and ≥90 mmHg) blood
pressure, using an analysis of variance test for trend.
Unadjusted and age- and sex-adjusted logistic regres-
sion models considered anthropometric indices and
serum sodium as predictors of hypertension (defined
using a blood pressure cut-off of ≥140/90 mmHg)
Models 1 and 2, or using 120/80 mmHg (defined as
normotensive) as a comparator with hypertensive
subject in Models 3 and 4. Statistical analyses were
performed using SPSS Version 15.0 (SPSS, Chicago,
IL), with P values<0.05 considered significant. The
262 AGE (2009) 31:261–267variables age, weight, BMI, waist-to-hip ratio, skin
fold thickness (SFT) and serum sodium were stand-
ardised by dividing by the respective standard
deviation for comparison of association/s with blood
pressure. The units in the logistic regression models
(except for sex) represent an increase in one standard
deviation of the respective variable.
Results
Subject characteristics
Table 1 shows the sex-specific characteristics for the
variables for 346 female and 149 male elderly
participants. The mean (±SD) age was 90 (±4.8)
years with systolic and diastolic blood pressures 137
(±21) mmHg and 85 (±14) mmHg, respectively.
Systolic and diastolic blood pressure showed no sex-
related change and subjects were analysed together.
Anthropometric variables, serum sodium, smoking
and incremental thirds of blood pressure
Table 2 shows cross tabulation between incremental
thirds of systolic (<120, 120–139 and ≥140/90 mmHg)
and diastolic (<80, 80–89, ≥90 mmHg) blood pres-
sure, the various anthropometric indices and serum
sodium. Skin fold thickness and serum sodium level
positively associated across incremental thirds of
systolic blood pressure (P for trend=0.01, P=0.002
respectively), and weight (P=0.08), waist (P=0.08),
waist-hip-ratio WHR (P=0.07) approached signifi-
cance though the effect for BMI (P=0.16) was not so
clear. Weight was associated with incremental
increases in diastolic blood pressure (P=0.05) with
BMI not reaching significance (P=0.10).
The percentage of subjects known to smoke was
16/123 (13.1%), 48/261(18.4%) and 29/181(16.0%),
respectively, with no difference across incremental
thirds of blood pressure (data not shown).
Medication use
There was a non significant increase in use of
cardiovascular medication across the incremental
thirds of blood pressure, with 38/123(30.8%), 91/
261(34.8%), and 69/181(38.1%) of subjects taking
any/or combinations of anti-hypertensive, diuretic or
digoxin therapy (data not shown). The most com-
monly prescribed drug group was a diuretic with 23/
123 (18.7%), 54/261(20.7%) and 37/181(20.4%)
taking thiazide or a related diuretic (non significant)
with digoxin use in 12/123 (9.7%), 25/261(9.6%) and
14/181(7.7%) subjects, across thirds of blood pres-
sure, respectively. At the time of recruitment, anti-
hypertensive use in this age group was uncommon,
Female Male P
n Mean SD n Mean SD
Systolic BP (mmHg) 346 137 20 149 136 21 0.57
Diastolic BP (mmHg) 346 84 14 149 85 14 0.48
Age (years) 346 90.4 4.5 149 89.8 5.2 0.005
Weight (kg) 319 56.3 11.5 144 66.8 10.1 <0.0001
Height (cm) 254 152.9 7.4 126 165.9 7.4 <0.0001
BMI (kg/m
2) 254 24.5 5.1 119 24.4 3.1 0.79
SFT (mm) 337 13.6 5.8 147 11.1 5.1 <0.0001
Waist circumference (cm) 155 84.6 11.2 75 94.6 14.4 <0.0001
Hip circumference (cm) 157 99.1 11.2 75 99.2 11.2 0.99
WHR 155 0.85 0.10 75 0.95 0.09 <0.0001
Serum sodium (mmol/l) 233 139.9 2.9 118 139.3 2.9 0.09
Cholesterol(μmol/l) 95 5.3 1.1 40 5.0 1.0 0.20
HDL (μmol/l) 93 1.3 0.3 39 1.0 0.3 <0.0001
Glucose (μmol/l) 78 5.7 2.0 38 5.9 2.2 0.60
Dietary sodium (mg) 65 1,836 737 31 2,087 709 0.11
Dietary sodium(mg/10
3Kcal) 65 1,397 484 31 1,481 520 0.45
Table 1 Sex-specific sub-
ject characteristics of Bel-
fast Elderly Longitudinal
Free-living Ageing STudy
(BELFAST) participants.
BP Blood pressure, BMI
body mass index, SFT skin
fold thickness, WHR waist
to hip ratio, SD standard
deviation, HDL high density
lipoprotein
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hypertensive used was of the β-blocker group.
Logistic regression models
Logistic regression models comparing subjects
with and without hypertensive blood pressure
(Q140/90 mmHg) and with reference blood pressure
(e120/80 mmHg), for anthropometric variables and
serum sodium were constructed. Table 3 shows the
unadjusted odds ratios (OR) comparing subjects
>80 years of age in the hypertensive range (Q140/
90 mmHg), with those below <140/90 mmHg, for an
increase of 1 standard deviation in anthropometric
and serum sodium variables (Model 1), and after
adjusting for age and sex (Model 2). In the age and
sex-adjusted model 2, the OR for blood pressure
being in the hypertensive range compared to <140/
90 mmHg was significant for BMI (OR=1.28), with
weight (OR=1.22) approaching significance (P=
0.07).
Models 3 and 4 compared subjects with blood
pressure >120/80 mmHg with those with normal
reference blood pressure (e120/80 mmHg). Model 4
(adjusted for age and sex) showed significant age-sex-
adjusted ORs for weight (OR 1.36), BMI (OR 1.44),
SFT (OR 1.33) and serum sodium (OR 1.37), with
WHR (OR 1.39) approaching significance (P=0.07).
In a multiple logistic regression model comparing
subjects categorised for blood pressure above and
below 120/80 mmHg, both BMI (P=0.02) and serum
sodium (P=0.01) were independent predictors of
subjects with blood pressure above 120/80 mmHg
for the BELFAST group (data not shown).
Discussion
To the best of our knowledge, this is the first reported
study to demonstrate an association between some
anthropometric measures (sodium and blood pressure)
in a group of community-living subjects as old as
90 years of age, this being a somewhat surprising
Incremental thirds of systolic blood pressure (mmHg)
I II III P for trend
<120 120–139 ≥140
n=123 n=261 n=181
Age (years) 90.2 90.4 89.8 0.93
Sex (% male) 30.3 37.3 32.4 0.41*
Weight (kg) 57.3 58.3 60.7 0.08
BMI (kg/m
2) 23.7 24.1 24.6 0.16
Waist circumference (cm) 84.6 85.8 88.1 0.08
WHR 0.85 0.87 0.90 0.07
SFT (mm) 11.7 12.4 13.5 0.01
Serum sodium (mmol/l) 139.1 139.6 140.2 0.002
Incremental thirds of diastolic blood pressure (mmHg)
I II III P for trend
<80 80–89 ≥90
n=141 n=125 n=229
Age (years) 89.7 89.8 90.2 0.29
Sex (%male) 30 39 30 0.86*
Weight (kg) 57.4 60.7 60.2 0.05
BMI (kg/m
2) 23.8 24.7 24.8 0.10
Waist circumstance (cm) 87.8 87.3 87.2 0.80
WHR 0.88 0.87 0.90 0.36
SFT (mm) 12.3 13.3 13.0 0.33
Serum sodium (mmol/l) 139.6 139.6 139.9 0.34
Table 2 Relationship be-
tween incremental thirds of
systolic and diastolic blood
pressure and selected sub-
ject characteristics in the
BELFAST study
*Chi-squared
264 AGE (2009) 31:261–267finding. BMI and, to a lesser extent, weight, were
associatedwithbloodpressureinthe hypertensiverange
for BELFASTocto/nonagenarians.Inthisstudy, a 5 unit
increase in BMI (BMI=29) increased the chance of co-
existing hypertension by about 30%.
Debate continues as to which anthropometric
markers track best with cardiovascular risk and/or
outcomes and whether they are applicable in very
elderly people (Molarius et al. 2000), where changes
in body composition (Harris et al. 2000) and osteopo-
rosis make interpretation of anthropometry more
challenging (Seidell and Visscher 2000). BMI is a less
good measure of body composition in older women,
where osteoporosis significantly reduces height and
increases BMI measures inappropriately, especially in
the ‘oldest old’ (Rea et al. 1997). In the BELFAST
study, it was noteworthy that, although increases in
weight significantly associated across the tertiles of
blood pressure, the trend for BMI did not achieve
significance. This may relate to differences in statistical
power, since BMI values were not available for the
entire cohort, or to the disproportionate influence of
BMI with age in the larger group of women since,
although both weight and BMI were important
predictors of hypertension in the multivariate logistic
model, the effect of BMI was much stronger after
adjustment for age and sex.
The findings in the BELFAST ‘oldest old’ are
similar to results in middle-aged people that link
weight and/or anthropometric markers with hyperten-
sion (Siani et al. 2002, Chaudrey et al. 2004). In
animals, evidence links obesity with altered blood
pressure-natiuresis and increased salt sensitivity. In
parallel studies in man, central adiposity relates to
increased proximal sodium reabsorption (Rocchini et
al. 1989) and altered renal handling is described in
adipose men (Strazzullo et al. 2001).
Since sodium handling is altered in hypertensive
people, and older people may be particularly sensitive
to dietary salt (Whelton et al. 1998; Weinberger and
Fineberg 1991), we looked for any association
between dietary sodium intake in BELFAST subjects,
as assessed by a single 24 h dietary recall, and blood
pressure but found none; there are similar inconsistent
findings for younger groups (Alderman et al. 1998).
Additional limiting factors are lack of power due to
small sample size and potential error using dietary
recall methods. Only a very small number of the
BELFAST subject group took medications of any
kind, and there was no difference in diuretic and/or
anti-hypertensive use across the incremental thirds of
blood pressure that would readily explain the changes
in serum sodium noted. Despite these constraints, at
approximately 2 g daily, dietary sodium for the
Variable Model 1
a Model 2
b Model 3
c Model 4
d
OR OR OR OR
(95% CI) (95% CI) (95% CI) (95% CI)
Age 1.06 1.07 1.10 1.11
(0.88,1.27) (0.89,1.29) (0.88, 1.38) (0.88,1.38)
Sex 0.85 0.84 1.01 0.98
(0.57,1.27) (0.56,1.25) (0.63,1.63) (0.60,1.59)
Weight 1.21
* 1.22 1.26
* 1.36
*
(1.0,1.46) (0.99,1.52) (1.0,1.59) (1.04,1.78)
BMI 1.28
* 1.28
* 1.42
* 1.44
*
(1.02,1.61) (1.02,1.61) (1.07,1.89) (1.07,1.92)
Waist 1.2 1.14 1.28 1.32
(0.91,1.57) (0.85,1.52) (0.93,1.76) (0.94,1.85)
WHR 1.17 1.09 1.31 1.39
(0.89,1.54) (0.8,1.47) (0.96,1.80) (0.97,2.00)
SFT 1.10 1.16 1.29
* 1.33
*
(0.91,1.33) (0.95,1.41) (1.0,1.65) (1.03,1.73)
Serum sodium 1.11 1.12 1.37
* 1.37
*
(0.89,1.39) (0.9,1.4) (1.06,1.77) (1.06,1.77)
Table 3 Logistic regression
models with odds ratio (OR)
for hypertensive subjects in
the BELFAST study with
two comparator categories,
for 1 SD increase in anthro-
pometric variables and
sodium
* P<0.05
aUnadjusted, subjects with
blood pressure Q140/
90 mmHg compared to
blood pressure <140/
90 mmHg
bAs model 1, adjusted for
age and sex
cUnadjusted, subjects with
blood pressure >120/
80 mmHg compared to nor-
mal reference blood pres-
sure e120/80 mmHg
dAs model 3, adjusted for
age and sex
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population averages of between 4 and 7 g daily.
Dietary sodium reduction can help reduce blood
pressure by up to 3–5 mmHg across populations
(Feng and McGregor 2002). In an important paper
elucidating the underlying mechanisms, Gates et al.
(2004) showed that dietary sodium reduction rapidly
improved large elastic vessel compliance in older
people with hypertension. The recent HYVET study
(Beckett et al. 2008) noted the usefulness of diuretics
in the very old population, and the current study also
showed an approximate diuretic use of about 20%,
suggesting possible mechanistic links between sodi-
um homeostasis and blood pressure.
This study has a number of limitations. Blood
pressure was measured only once by Hawksley
random-zero sphygmomanometer, which may give
lower estimates of blood pressure (Brown et al. 1997)
compared with the less favored mercury sphygmo-
manometer. Only about 30% of the ‘oldest old’ in the
BELFAST cohort were in the upper incremental third
of the systolic and diastolic blood pressure consistent
with hypertension, compared with 60% of older
populations elsewhere (Chaudrey et al. 2004), and
this may reflect a recruitment strategy that selected an
‘elite’ rather than an ‘all comer’ octo/nonagenarian
cohort (Rea et al. 2000). Differing subject numbers
and variables measured—a real issue for research
participants and their relatives in this challenging age
group (Samuelson et al. 2008)—m a ya l s oh a v e
reduced the overall statistical power, particularly for
male subjects.
This study finds that hypertension is associated
with BMI and weight in 80- and 90-year-olds, in
apparently similar ways to middle-aged people.
Although in this cross-sectional study, the statistical
associations between hypertension and BMI cannot
be assumed to be causal, the size and direction of the
associations are comparable to those noted in middle-
aged groups. The findings could suggest that appro-
priate weight control throughout life should make
hypertension less common in very old age, and that
reduced salt intake may help. However, overweight
90-year-olds are likely to have other priorities for
survival, and weight loss is unlikely to be one of
them. In any case, traditional medical practice would
hesitate to recommend that very elderly people lose
weight (Seidell and Visscher 2000), but rather the
opposite.
These findings challenge our thinking about what
mechanisms might underpin blood pressure control in
older people. Are they the same as in younger people
or do 90-year-olds, by virtue of their survival, handle
blood pressure and weight control differently? The
‘oldest old’ may be a highly exceptional group of
people with a unique phenotype (Franceschi et al.
2007) who tolerate hypertension and survive higher
BMI and weight better than the rest of us (Byers
2006). If this is so, do the complex gene/environment
interactions of hypertension become changed with
age, so that the genetic component (‘nature’) becomes
more important than the environmental (‘nurture’)
aspect, in a sort of antagonistic pleiotropy (Williams
1957). However, arguing against this suggestion are
the findings that (1) in early follow-up of BELFAST
nonagenarians, death occurred earlier where any
vascular-related disease was noted on the death
certificate and quality of life seemed reduced (Shields
et al. 2002); (2) hypertension trebled the likelihood of
stroke in Japanese centenarians (Arakawa et al. 2005);
and (3) good blood pressure control reduced morbid-
ity/mortality in the HYVET study (Beckett et al.
2008), and accompanied good quality ageing in the
Physicians Health Study (Yates et al. 2008).
The findings in the BELFAST study need to be
replicated by other groups. Although research studies
of 90-year-olds are scare, as well as being challenging
because of subject frailty, perceived vulnerability or
lack of autonomy (Samuelson et al. 2008), they are
highly important. Other cohorts of ‘oldest old’ such as
the Framingham Study (Kannel et al. 2008) and the
European Genetics of Healthy Ageing (GEHA)
project (Franceschi et al. 2007)w i t hi n c r e a s e d
statistical power are emerging, and outputs from these
are needed to build up a base of scientific knowledge.
Understanding better the mechanisms underpinning
blood pressure, even at advanced age, is important to
people and societies. Stroke, the most tragic conse-
quence of untreated hypertension (Kannel et al. 2008),
increases with age and robs people of their mental and
physical autonomy. Carrying out longitudinal follow-
up studies on these interesting ‘old old’ populations,
and using a combination of lifestyle and genetic factors
in a multi-level analysis could help guide our
understanding of the inter-relationship between hyper-
tension and weight, and help guide optimal manage-
ment strategies to exploit the ‘longevity dividend’
(Butler et al. 2008) for everyone.
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